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Oral Drug Delivery System 

The present invention relates generaUy to the oral administration of drugs 
using a delivery system in the form of a solid foam that dissolves rapidly 
in the mouth, has excellent mouth-feel and is suitable for taste masking. 
More specifically, the present invention relates to an oral delivery 
composition comprising a therapeutic agent and a solid foam formed from 
a protein. 

The administration of drugs via the mouth (oral administration) using 
solid dosage forms such as tablets and capsules remains the most popular 
means of dosing drugs. However, in certain situations, such as the 
treatment of children, the elderly or where a rapid onset of action is 
required, the use of dosage forms that dissolve rapidly in the mouth can 
be advantageous. 

Different formulations and formulation methods have been developed to 
accelerate the disintegration and dissolution rate of conventional tablet 
systems. These have included polyethylene glycol blends, freeze-dried 
products and fast dissolving excipients. 

Fast dissolving dosage forms for oral delivery have been reviewed by 
Rathbone et al. (Chapter 11 in Oral mucosal drug delivery, Ed. Rathbone, 
Dekker, New York, 1996). 

A variety of fast dissolving oral products has been described in the prior 
art. Freeze-dried systems in the form of lyophilized tablets (Lyocs™) 
were first reported in 1978. A well known example is described in GB-A- 
1,548,022 this system comprises a network of the active ingredient and a 
water soluble or water dispersible carrier. The network is obtained by 
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collapse temperature of the matrix. However, the matrix is preferably at 
least partially dried below the equilibrium freezing point of the matrix. 

US-A-5,587,180 describes a particulate support matrix for a tablet and 
method for making same, which disintegrates or dissolves in just a few 
seconds once placed in the oral cavity. The particulate support matrix 
comprises a first polymeric component which may be a polypeptide, a 
second polymeric component which may be a different polypeptide, and 
may be a hydrolyzed gelatin, and a bulking agent. 

US- A-5, 609,883 describes the manufacture of a fast dissolving tablet 
using standard machinery. These tablets comprise 50% or greater of 
carbohydrate and alcohol as a lubricant. 

W094/11438 describes fast-dispersing dosage forms of very low density 
formed by gelling, with agar, aqueous systems containing the matrix- 
forming elements and active ingredient, and then removing water by 
forced air, vacuum drying, or other drying systems. 

JP-A-9216816 describes a highly water soluble solid, fast dissolving tablet 
produced by kneading lactilcol with water and compressing. 

JP-A-9071523 describes tablets with rapid disintegration in the oral 
cavity. These are prepared with active, crystalline cellulose, 
hydroxypropyl cellulose and a lubricant. Crystalline cellulose and 
hydroxypropyl cellulose are used in a ratio of 1:2. 

EP-A-48 1,294 describes a rapid dissolving tablet containing a high 
concentration (50% w/w) of cysteine derivatives, cellulose derivatives and 
sugars. 
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Rhodes, Dekker, New York, 1996) describes quick-breaking liquid foams 
and mentions that it is possible to formulate edible foams to disperse 
cough remedies, calcium supplements, antacids, vitamins and other 
similar products. Sciarra also suggests that these systems may be readily 
acceptable to children and the geriatric population. 

US-A-5,079,018 describes a fast-dispersing dosage form which comprises 
a porous skeletal structure of a water soluble, hydratable gel or foam 
forming material that has been hydrated with water and rigidified in the 
hydrated state with a rigidifying agent. The foam forming material can be 
gelatin, albumin or lecithin and is rigidified with a mono- or 
polysaccharide. The dosage form can be formulated as wafers, tablets, 
granules and powders. The dehydration process is performed using a 
liquid organic solvent at a temperature of about 0°C or below. Ethanol is 
a preferred organic solvent. 

Dickenson (An Introduction to Food Colloids, Oxford University Press, 
Oxford, 1992, p25) has reviewed the preparation and stabilization of food 
colloids. Stable foams are known to be difficult to produce because 
bubbles are susceptible to fast drainage and rupture. Moreover, diffusion 
of gas from small bubbles into big bubbles can proceed quickly in the 
absence of a stabilizing film of a polymeric material. Stability can be 
provided by an insoluble adsorbed layer of a coagulated protein such as 
egg-white or by converting a liquid foam into a solid foam through, for 
example, heat treatment. 

Egg-white is known to be an effective foaming agent in foods. This effect 
arises from the different constituents in egg-white that are important in 
stabilizing a liquid foam as well as the conversion of the liquid foam into 
a solid foam during heating. The major component of egg-white is 
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The composition of the invention dissolves rapidly in the mouth to release 
the therapeutic agent. 

Albumins are foam forming proteins which are suitable for use in the 
present invention. A preferred albumin is egg albumin. Ovalbumin or 
egg-white is particularly preferred. 

The therapeutic agent may be a drug, an antigen or a vaccine. 

Drugs suitable for use in the present invention include, but are not limited 
to, drugs acting on the central nervous system, drugs acting on the 
gastrointestinal tract, drugs acting on the cardiovascular system, antibiotic 
drugs, vitamins, vaccines, nutrients, drugs for analgesia, drugs for 
erectile dysfunction, hormones such as insulin, calcitonin, parathyroid 
hormone, nicotine for smoking cessation, antitussive agents, local 
anaesthetics, antiemetics, anticonvulsants, sedatives, sleep induction. 

Drugs that are preferred for use in the present invention include 
paracetamol, ibuprofen, nicotine, piroxicam, enalapril, apomorphine, 
codeine, buprenorphine and combinations of such drugs. An especially 
preferred drug is paracetamol. 

Antigens suitable for use in the present invention include, but are not 
limited to, allergen antigens, tetanus toxoid, polio myelitis, haemodulius 
influenzae. 

The amount of therapeutic agent present in the compositions of the 
invention is not especially limited and will depend on several factors 
which will be readily apparent to the person of ordinary skill in the art 
such of the nature and intended purpose of the therapeutic agent. The 
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Of course, if the compositions do not contain a polysaccharide the protein 
may represent a greater proportion of the total weight of the compositions. 
In this case, the amount of protein may be from 1 % w/w to 99.9% w/w, 
generally from 1% w/w to 90% w/w (as measured in the final dried 
foam). A preferred amount of protein is from 15% w/w to 80% w/w and 
an especially preferred amount of protein is from 10 to 50% w/w. 

The compositions may also include a non-ionic surfactant. Non-ionic 
surfactants effect the structure of the foam stabilising layer. The effect 
will depend on the composition of the film, but could be an increase in 
foam volume or an increase in foam density. Non-ionic surfactants 
suitable for use in the present invention include poly sorbates (commonly 
known as "Tweens", ICI Chemicals). 

The compositions may also include other pharmaceutically acceptable 
ingredients such as sweeteners, flavouring agents, taste masking agent for 
drugs that have a bitter taste. A suitable taste masking agent is Eudragit 
E100® (Registered Trade Mark of Rohm Pharma, Darmstradt, Germany). 
The inclusion of sugars such as sucrose will also help mask any bitter 
taste. The compositions may also contain pharmaceutically acceptable 
colourants. 

Suitable sweeteners include saccharin (Sigma) and aspartame. Suitable 
flavourings include orange, lemon, raspberry and peppermint. 

Components such as sweeteners and flavourings, if present, are typically 
present in the formulations of the invention in an amount of from 0.1 to 
1 % by weight each. 
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When producing a foam from egg-white, the pH may be reduced towards 
the isoelectric points of acidic egg-white proteins. Suitable agents for the 
adjustment of pH include acetic acid, citric acid, tartaric acid, succinic 
acid and potassium acid tartrate. 

The present invention is now illustrated but not limited by reference to the 
following Examples. 

Example 1 General method for the preparation of a solid foam product 

Egg-white or reconstituted dried egg-white (ovalbumin) (obtained from 
Sigma, Poole, UK and Cake Art Ltd, Somerset, UK, respectively) was 
mixed with water using a food mixer on medium speed until a stiff foam 
(meringue) was formed. The drug was blended with other excipients such 
as various carbohydrates (sugars), sweeteners and flavouring agents using 
mortar and pesde and then gently mixed (folded) into the foam using a 
spatula. Portions (approximately 1 g) of the drug-containing foam were 
then filled into small moulds (5 ml weighing boats) and placed in an oven 
(Mexcel General Purpose Oven) overnight at 60°C (temperatures of 40 to 
80°C can also be used) to produce a solid foam. 

A typical formulation is as follows: 

7.5 g (approximately equal to one egg-white) 
35 ml 

45 g (30 to 60 g were used) 
up to 20 g (5 to 20 g were used) . 
0.5 g 



Dried egg-white 
Water 
"Sugar" 

Drug (if paracetamol) 
Flavouring 
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Example 5 A solid foam containing paracetamol, flavour and 
sweetening agent (formulation D) 

10 g of paracetamol, 45 g of icing sugar, 0.5 g orange flavouring, 0.5 g 
saccharin were mixed in a mortar and pestle. This was then folded into 
one beaten egg-white and then processed as in Example 4. 

Example 6 A solid foam with a peppermint flavour (formulation E) 

A solid foam was produced as in Example 5, but 0.75 g of peppermint oil 
was used instead of 0.5 g orange flavour. 

Example 7 A solid foam with a peppermint flavour (formulation F) 

A solid foam was prepared as described in Example 6, but 1.25 g of 
peppermint flavour was used. 

Example 8 A solid foam prepared using mannitol (formulation G) 

A solid foam was prepared as in Example 6, but mannitol was used 
instead of icing sugar. 

Example 9 A solid foam prepared using mannitol (formulation H) 

A formulation as described in Example 8 was prepared but with 1.25 g of 
peppermint flavour. 

Example 10 Preparation of solid foams using freeze drying 
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Example 13 Further examples of solid foams containing paracetamol 
(formulations I, J and K) 

As in Example 1 using, dried egg-white, 15 g reconstituted with water 75 
ml, to form the foam. Paracetamol 20 g, icing sugar 55 g and 
approximately 1 ml of orange (formulation I), lemon (formulation J) and 
peppermint liquid flavourings (formulation K), were mixed (mortar and 
pesde) and gradually added to the foam. The mixture was dried in an 
oven at 60°C overnight. 

Example 14 Use of Eudragit E100 as a binder to aid taste masking 
(formulations LI and L2) 

A solution containing Eudragit E100 30 g in dichloromethane 100 ml was 
prepared. 

Paracetamol 10 g, icing sugar 10 g, orange flavouring 0.1 g and 
aspartame 0.2 g were mixed together (mortar and pestle) and "granulated" 
with 6.7 ml of the Eudragit solution (= 2 g of polymer). The mixture 
rapidly dried in air and was passed through a 0.5 mm sieve. 

The granules 13.6 g, icing sugar 16 g orange flavouring 0.09 g and 
aspartame 0.1 g were blended together using a Turbula mixer for 5 
minutes. 

Dried egg-white 3 g was reconstituted with 15 ml of water and whisked 
until a stiff foam had formed. The powder blend was then gradually 
added to the meringue. 
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The foam was prepared as before as in example 1 . To one quarter portion 
(equivalent to 3.75 g dried egg-white and 18.75 ml water) xylitol 13 g, 
icing sugar 13 g, paracetamol 10 g and aspartame 0.5 g were gradually 
added. The product was dried in over at 60°C overnight. 

Example 19 Use of xylitol in foam preparation (formulation Q) 

The foam was prepared as for formulation P (example 18) but 26 g of 
xylitol was added and the icing sugar was removed. 

Example 20 Evaluation of solid foams by taste testing in volunteers 

The properties of paracetamol containing solid foams as described in 
formulations A to O were evaluated in a group of volunteers (n=6). The 
time for the formulation to dissolve (melt) in the mouth and the taste and 
aftertaste were recorded. Details are given in Table 1. The taste and 
aftertaste were ranked according to a scale from 1 to 5. 

Table 1 



Evaluation of solid foams containing paracetamol 



Formulation 


Melt in mouth 
time (sec) 


Taste* 


After taste 


A 


10 


4 good 


3 slight 


B 


15/20 


3 OK 


2 bitter 


C 


20/30 


2 chewy 


3 slight 


D 


10 


2 gritty/OK 


3 slight 


E 


20 


2 gritty/OK 


3 slight 


F 


20 


2 gritty/minty/OK 


3 slight 
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K Icing sugar/paracetamol/peppermint solution 

L Icing sugar/paracetamol/orange/Eudragit E100 (2 g) 

M Icing sugar/paracetamol/orange/Eudragit E100 (1 g) 

N Icing sugar/paracetamol/lemon/Beta-cyclodextrin/aspartame 

0 Icing sugar/paracetamol/lemon solution/post manufacture lemon 
solution 

P Icing sugar/xylitol/paracetamol/aspartame 

Q Xylitol/paracetamol/aspartame 

* Taste Key 

1 Very poor 

2 Poor 

3 Average 

4 Good 

5 Excellent 
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Claims 

1. An oral delivery composition comprising a therapeutic agent and a 
solid foam formed from a protein. 

2. A composition according to Claim 1, wherein the protein is an 
albumin. 



3. A composition according to Claim 2, wherein the albumin is egg- 
albumin. 



4. A composition according to Claim 3, wherein the albumin is 
ovalbumin or egg-white. 

5. A composition according to any one of Claims 1 to 4 which further 
comprises a polysaccharide. 

6. A composition according to Claim 5, wherein the polysaccharide is 
sucrose, powdered sucrose (icing sugar), castor sugar, mannitol, sorbitol, 
lactose, fructose, xylitol or carboxymethyl cellulose (CMC). 

7. A composition according to any one of Claims 1 to 6 which 
dissolves in the mouth in less than 60 seconds. 

8. A composition according to any one oif Claims 1 to 7 which further 
comprise a flavouring agent. 

9. A composition according to any one of Claims 1 to 8 which further 
comprises a taste masking agent. 
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10. A composition according to any one of Claims 1 to 9 wherein the 
therapeutic agent is a drug, an antigen or a vaccine. 

11. A composition according to Claim 10, wherein the drug is 
paracetamol. 

12. A composition according to Claim 10, wherein the drug is selected 
from the group codeine, ibuprofen, piroxicam, enalapril, apomorphine, 
nicotine, buprenorphine and combinations thereof. 

13. A method for the preparation of a composition according to any 
one of Claims 1 to 12 comprising a heating, freeze-drying or vacuum 
drying step. 

14. The use of a solid foam formed from a protein for the oral delivery 
of a drug, a vaccine or another therapeutic agent. 

15. A composition comprising a therapeutic agent and a solid foam 
formed from a protein for use as a medicament. 

16. The use of a foam formed from a protein in the manufacture of a 
composition which is adapted for oral delivery of a therapeutic agent. 
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